Background and approach: Common standards for laboratory studies of non-target organisms are recognised as prerequisite to assist the risk assessments regarding the evaluation of environmental effects of transgenic crops. Here, we provide specific recommendations significant for experimental procedures of laboratory studies to test potential adverse effects of Bt maize on larvae of non-target Lepidoptera. We searched and analysed both ecotoxicological test protocols for pesticides in the EU as well as the non-target tests with Lepidoptera applied in unpublished industry studies submitted officially by agro-companies for the GMO authorisation in Europe.
Background
Genetically modified (GM) maize is one of the main transgenic crops cultivated worldwide [1] . A major application are Bt maize events modified with genes of the bacterium Bacillus thuringiensis. Bt maize produce insecticidal proteins [2] , acting against insect herbivores of different taxa such as Coleoptera or Lepidoptera. Susceptible insects feeding on Bt maize, ingest the toxins and die. A further genetic modification of maize, often combined with insecticidal traits, confers herbicide resistance (HR) to certain broad-spectrum herbicide products such as glyphosate. Both HR and Bt maizes can potentially affect non-target Lepidoptera adversely. Wind dispersed and toxic Bt maize pollen can dust host plants of lepidopteran larvae, and larvae are affected lethally and sublethally when consuming this pollen inadvertently by feeding on the host plant tissue (e.g., [3] [4] [5] [6] ). The application of broad-spectrum herbicides in combination with HR crops is likely to change the herbicide regime, which can reduce the weed community within fields and in-field margins, in turn affecting larval and adult butterflies associated with such food plants (e.g., [7] [8] [9] [10] [11] ).
With regard to Bt maize, the potential hazard imposed on non-target lepidopteran larvae was confirmed by an extensive review paper [12] , concluding that knowledge on Bt maize pollen effects on lepidopteran larvae is rather deficient. Lang and Otto [12] recommended carrying out more laboratory studies examining effects of Bt maize pollen on non-target lepidopterans, in particular emphasising the need for more realistic, ecologically meaningful studies and the urgent demand for an international standardisation of such experiments. However, since 2010, only one further research paper about Bt maize pollen effects on non-target Lepidoptera has been published [6] . Other recent studies reporting on Bt effects on Lepidoptera larvae focused on Bt sprays instead of Cry proteins or Cry maize pollen [13] , studied lepidopteran pest species and not non-target species [14] [15] [16] [17] [18] , were done with transgenic crops other than maize [19] , investigated nectar feeding rather than pollen feeding [20] , or studied exposure rather than direct toxic effects [21, 22] .
Including the one new study, possible adverse effects of Bt maize pollen feeding on non-target lepidopteran larvae have been studied for twelve species worldwide (including four secondary pests such as Pieris spp.). This sample is remarkably low compared to the taxonomic diversity of the 160,000 described or half a million estimated Lepidoptera species worldwide [23] . In consequence, the knowledge gap, critical for the assessment of effects from Bt maize cultivation on Lepidoptera biodiversity, reported by Lang and Otto [12] still exists.
Potential risks that the cultivation of GM crops pose to non-target organisms (NTO) are subject to pre-release risk assessments, and are a mandatory part of the authorisation process in Europe (e.g., [24] [25] [26] ) and many other countries. Despite this, a common standard, or guidelines for laboratory studies have not been established for tests with Lepidoptera larvae (or other NTO), notwithstanding the recognised need for such standardisation in the GM crop risk assessment [25] [26] [27] [28] . In Europe, the European Food Safety Authority (EFSA) as the competent authority for the GMO risk assessment provides general guidelines for the GMO risk assessment of NTOs. The EFSA guidelines [25] [26] [27] specify a stepwise, tiered approach to test non-target effects. Laboratory studies of non-target organisms inform the hazard characterisation, and are termed first or early-tier studies. Although some and general requirements for such first-tier tests are expressed by EFSA [25] , applicants can develop their own protocols and are not obliged to follow standardised protocols as it is e.g., the norm in the risk assessment of pesticides [29] [30] [31] [32] [33] . Indeed such protocols do not exist, and, accordingly, test protocols and study designs submitted for GMO applications vary greatly leading to a considerable diversity in scope and quality of first-tier tests. In consequence, uncertainties arise for both applicants and authorities with regard to required ecotoxicological parameters and the way how to measure them. These uncertainties impact the environmental risk assessment and risk management measures substantially [34, 35] . Several recommendations have been published dealing with required standards for GMO first-tier tests in the laboratory with non-target organisms [28, 36, 37] , but none addressed test design and quality criteria for assessing a Bt maize effect on lepidopteran larvae. As insect resistance against Lepidoptera is frequently applied in Bt crops, and stacking different toxins in a single plant event is increasing [38] , larvae of Lepidoptera belong to the non-target organisms which face the highest risk from exposure to Bt maize cultivation.
To improve current test protocols, we checked the study designs for non-target tests with Lepidoptera submitted for GMO authorization under Regulation (EC) No 1829/2003 of the European Parliament and of the council of 22 September 2003 on genetically modified food and feed Regulation 1829/2013, also taking into account current ecotoxicological test protocols for pesticides in the EU [39] . Based on these analyses, we provide guidance and recommendations on the experimental design and required standards for early-tier laboratory studies studying the effect of lepidopteran-toxic Bt maize on larvae of Lepidoptera.
Methods

Laboratory studies with lepidopteran larvae
So far, a range of transgenic Bt maize events targeting Lepidoptera pests have been submitted for cultivation in Europe. As many transgenic Bt maize events are potentially harmful to the larvae of butterflies and moths (see above), these applications require the specific assessment of effects on non-target Lepidoptera. Companies applying for the cultivation of GM crops in Europe, therefore, provide information and results of ecotoxicological studies with non-target Lepidoptera and Bt to the EFSA [25, 26] . While some of the information submitted is from public, peer-reviewed studies, most of the reports include unpublished studies specifically prepared by companies to assist an application.
The data base of the Federal Agency for Nature Conservation (BfN), Bonn, Germany, was searched to recover the company studies relevant for the analysis. The BfN is a scientific authority and legally appointed to assist the environmental risk assessment of GM crops, has access to data delivered to EFSA in GMO applications, and maintains a meta-database which allows to search for industry studies. We searched the BfN database to identify the studies submitted by applicants to the European Union, using multiple appropriate search strings and keywords such as {*larva* or *lepi* or *effica* or *butter* or *lepidopter*}. The search results were subsequently checked for relevant studies. Then, the methodology applied in the studies, but not the results, were analysed further.
NTO testing for chemical plant protection products
We analysed the NTO testing protocols which are required by the current EU legislation as well as further published guidelines to assess the ecotoxicity of chemical plant protection products (PPP). [27, 33] , guidelines published by the Society of Environmental Toxicology and Chemistry (SETAC) [39] , by the European Commission [40] , and by the European and Mediterranean Plant Protection Organization (EPPO) [41] .
We compared the standardisation requirements for NTO testing of chemical PPPs with the above industry protocols of the tests with lepidopteran larvae which were used for the risk assessment of Bt maize. Through this comparison, we identified relevant aspects and parameters, which are already established in chemical PPP assessment but are lacking in the GMO test protocols.
Recommendations for standardising laboratory tests for Bt maize effects on NT lepidopteran larvae
Synthesising the above analyses of the industry studies and the chemical PPP legislation and regulation, we conclude on and list general recommendations for harmonising and improving the procedures for testing the effects of insecticidal Bt maize pollen on larvae of Lepidoptera. Our recommendations are specific for tests with Lepidoptera but include several other sources to improve non-target testing of GMO (e.g., [25, 26, 28, 36, 37, 42] ) as well as our own experiences with NTO testing (e.g., [4, 12, 43] ). By doing so, we provide specific advice for the experimental design and procedure of early-tier testing of effects on non-target Lepidoptera, rather than addressing a more general framework of GMO risk assessment involving conceptual aspects such as hazard identification, exposure assessment, or risk characterisation.
Results
Laboratory studies with lepidopteran larvae used in GMO applications
In total, we retrieved 14 industry studies reporting on the effect of Bt on Lepidoptera larvae (see Additional file 1: Table S1 ). The studies were submitted by a range of companies but were all carried out in the USA. Of those studies, nine studies were conducted with target species, and five studies with non-target species. In the NTO studies, only two different species were used: the Monarch butterfly (Danaus plexippus) and the Painted Lady (Vanessa cardui). In contrast, seven target species were tested (Agrotis ipsilon, Diatraea grandiosella, Diatraea saccharalis, Elasmopalpus lignosellus, Helicoverpa zea, Ostrinia nubilalis, Spodoptera frugiperda). Eleven studies involved treatments differing in Bt doses, thus enabling the calculation of a dose-response relationship, while the three remaining studies analysed the equivalence or efficacy of a tested Bt event and did not consider different Bt toxin concentrations.
Various Cry proteins were tested, mainly mixed into an artificial diet for NTOs; only in one NTO study plant material was used as larval diet ( Table 1 ). The natural exposure of NTO larvae to Bt maize, i.e. to maize pollen, was studied in 19% of all experiments conducted in the studies. The major variables tested were survival and larval body weight. Notably, no parameter for reproductive output was ever measured. It was remarkable that the duration of the experiments was rarely longer than the exposure period to the Bt toxin, thus any delayed effects were not detectable (cf. [4] ).
In general, effects on target organisms (TO) are regularly tested to evaluate the efficacy of a Bt maize event for pest control. Such results of TO may provide helpful information as it might supply indirect indications of some Bt maize effects on NTO. Nevertheless, a direct testing of NTO lepidopteran larvae is crucial; however, only five studies qualified as genuine NTO studies testing the two NTO species Danaus plexippus and Vanessa cardui. In these five NTO studies, several critical aspects were identified affecting the significance of the results:
(i) in only 3 of 5 studies were the larvae exposed to Bt maize pollen, the acting agent in the field, the other studies used isolated Cry toxins; (ii) only one study used the natural exposure route, i.e. Bt maize pollen applied to the surface of host plant leaves, but failed to record the Bt concentration in the pollen used for the experiments; (iii) two studies did not assess explicitly the degree of the naturally occurring pollen exposure prior to the start of their experiments, which would be necessary to justify the applied doses;
(iv) the effective Bt intake by the larvae was never observed or recorded directly, thus only concluded indirectly in cases where adverse effects were observed; hence, in the only study reporting no adverse effects of Bt consumption, successful uptake of Bt by larvae remains unclear; (v) no quantification was done of the exact amount of Bt actually consumed and ingested by larvae, thus a dose-response (e.g., LD 50 ) could not be calculated;
(vi) only one study ran positive controls, testing a control species sensitive to Bt, thus allowing to assess the bioactivity of the applied Bt toxin, and testing a known toxic substance other than Bt, thus confirming the suitability of the experimental approach; (vii) except for one study, all remaining studies stopped the experiments with the termination of exposure, hence any chronic and delayed effects known to occur due to prior Bt exposure could not be detected; (viii) none of the studies recorded sublethal effects on adults or any parameter of reproductive output; (ix) in four of the five studies, only the absolute larval mass at the end of the study was recorded, but not initial body mass allowing to calculate weight gain (body mass of larvae is highly variable, thus not standardising weight increase between treatments can mask existing effects on body weight); (x) in 50% of the studies the origin and source of the used larvae were not mentioned; (xi) remarkably, in the 3 experiments studying
Vanessa cardui, the larvae of this day-active species were kept in complete darkness during the study, with unknown consequences on their feeding behaviour and Bt uptake; (xii) in some cases, the presentation and statistics of the results were insufficient, e.g., only means but no variance presented, unclear sample sizes per treatment, or even no data shown for a given statement.
Overall, the major shortcomings of the analysed studies included too few NTO species, no ecological realism in exposure to and consumption of the Bt toxin, no control of effective Bt intake by the larvae, lack of appropriate endpoints such as sublethal effects and reproduction parameters, and to some extent limitations in the statistical analysis. Thus, the above limitations weaken considerably the significance of the studies for the risk assessment of the possible adverse effects of Bt maize pollen on lepidopteran larvae.
NTO testing for chemical plant protection products
Currently, standard test protocols for Lepidoptera are missing in the ecotoxicological risk assessment for chemical plant protection products (PPP). However, EFSA [33] considers Lepidoptera to be important drivers for the ecosystem services pollination and food web support, and recommends including an oral toxicity study with Lepidopteran larvae as representative of herbivorous species. EFSA [33] also recommends developing new test methods that would include effects from chronic exposure and delayed effects in non-target arthropods in the lower tiers. This should allow for estimating effects on the most crucial life history parameters, such as longevity and reproduction rate. In general, for chemical PPP basic data of non-target arthropods are required from honey bees and other nontarget organisms such as e.g., mites and parasitoid wasps, but not from lepidopteran species. Dependent on the first results, if risks are indicated, then further species should be tested, e.g., predatory bugs (Heteroptera), lacewings (Neuroptera) or ladybird beetles (Coleoptera) according to the so-called ESCORT 2 [39] . The effects considered in the risk assessment of PPP are mortality as well as sublethal effects including adverse effects on reproduction data. Basically, the following parameters are to be recorded: acute oral and contact toxicity, chronic toxicity (in adult honey bees), development and brood activity (honey bees), and sublethal effects such as behavioural and reproductive effects (Commission regulation (EU) No 283/2013). The selection of the test species should be related to the potential use of the plant protection products (e.g., foliar or soil application).
The risk for products applied as sprays has to be assessed for in-field and off-field scenarios, where in-field is based on the application rate and off-field on drift rates [27, 40, 41] . To account for multiple applications a Multiple Application Factor (MAF) must be applied. The current off-field risk assessment for non-target arthropods also includes a correction factor of 10 to cover inter-species variability since a limited number of indicator species are tested when compared to the range of species, which could be exposed in off-field habitats [33, 39] .
In view of the current practice of chemical PPP testing, the above assessed industry studies, treating the effect of Bt maize pollen on larvae of Lepidoptera, fell short in various respects (see section above). Summing up, the current regulatory guidelines for testing the impact of PPP on NTO include the following components, providing valuable and important indications for GMO testing:
(i) consideration of Lepidoptera as an important ecological group, (ii) development of harmonised test methods for laboratory studies with Lepidoptera, (iii) laboratory tests based on the expected exposure in off-field habitats, (iv) testing of sublethal effects including effects on reproduction, (v) testing acute (immediate) and chronic (delayed) effects, (vi) consideration of the way that a PPP is used, and of the resulting exposure of NTO, (vii) accounting for additive, multiple applications affecting NTO, and (viii) safety factors to allow for uncertainty caused by inter-species variability of NTO.
Recommendations for standardising laboratory tests for Bt maize effects on NT lepidopteran larvae
In general, we recommend that the laboratory studies and methods should be harmonised as far as possible to ensure the standardisation, reproducibility and quality of the studies [26] . Ring tests with several laboratories would also be beneficial, i.e. experiments and samples should be carried out by different laboratories at the same time, which serves as an external quality assurance (e.g., [44] ). All experimental, chemical and physical conditions relevant for the study must be described and justified, such as air temperature, humidity, day-night cycle, and more, see below [26] . In the following we focus our recommendations on important aspects of practical testing to ensure sufficient quality of experiments, summarised in Table 2 .
Bt maize pollen
In contrast to many chemical insecticides, Bt proteins are gut toxins and require ingestion by the organisms. Therefore, testing requires the ingestion of the Bt via food. The Bt test substance should be applied to the larvae in a way as natural as possible, i.e. similar to the occurring exposure under field conditions [28] . Preferably, the larvae should be fed freshly collected Bt maize pollen instead of (microbially produced) Cry proteins or Cry powders. Applying fresh maize pollen will often not be possible, thus frozen and stored maize pollen can be used thawed for experiments shortly before (< 1 day before the experiment). However, storage temperature of pollen is critical to prevent the degradation of the Bt toxin in the pollen, and Nguyen and Jehle [45] recommend a storage temperature of Bt proteins between − 20 °C and − 80 °C depending on the duration of storage and the acceptable loss of activity.
The applied Bt maize pollen must be well characterized and described. This includes quantifying the Bt concentration in the pollen and the stability of the Bt protein [36] , to allow calculation of the exact exposure concentration or dose (see also [25, 26] ). The same batch of pollen should be used throughout the experiment, otherwise new batches must be characterised fully [36] . The use of ELISA tests to quantify Bt concentration in pollen requires the implementation of standard procedures with regard to sample preparation, reference material (particularly the toxin used for the standards curve), laboratory equipment, analytical protocol, and analysis of results (for more details see [44] , and references therein).
Artificial Bt toxins
Complementary to Bt maize pollen, artificial Bt toxins (e.g., cloned in E. coli) instead of Bt maize pollen may be used in some instances. Artificial Bt toxins may be useful (i) in a first screening of a range of species as this requires lower effort than the above testing with maize pollen, (ii) if a range finding of doses is necessary to identify the different doses required for the testing of a dose-response, (iii) when worst-case conditions must be tested, or (iv) where the pollen of the respective transgenic maize contains very small amounts of Cry protein [36] . In all cases where artificial Bt toxins are used the equivalence with the in-planta protein must be confirmed by both the analysis of length and sequence of the toxin and by bioassays. Moreover, it must be confirmed that the Bt mixed into an artificial diet is distributed homogeneously and results in the expected concentration [36] . We strongly recommend supplementing experiments using artificial diets with additional studies under near-natural conditions.
Matrix (diet)
Preferably, the leaves or plants of the respective host plants should be used as the basic (matrix) diet for the larvae instead of artificial diets. This serves to mimic the natural situation as much as possible, thus increasing the validity and relevance of the results. In addition, the respective calculations to convert µg toxin per volume of artificial diet into consumption of pollen per leaf surface area may be quite imprecise, and add another source of uncertainty to the assessment. Only in cases where larvae are expected to use leaf or root tissue as a food source, parts of the maize plant itself should be used in experiments.
Commonly, leaf discs cut out of the respective host plants are used as the basic matrix instead of whole plant leaves or whole host plants [4, 6] . When using leaf discs, a recommended approach is to put the pollendusted discs into the wells of a micro-plate together with one larva, the ground of the wells covered with agar to prevent desiccation of the leaf discs [5] . Wells must match the size of the respective larvae, otherwise too small wells may cause additional mortality or other adverse effects on larvae. Using whole host plants or whole leaves has been recommended [28] , because cutting plants can elicit physiological plant defence reactions unfavourable for lepidopteran larvae. However, a whole leaf or whole plant approach has been applied only occasionally so far (e.g., [46, 47] ). Regardless whether using leaf discs or whole leaves/plants, it is necessary to standardise plant quality as much as possible i.e. using the same plant variety in all trials, assuring a standardised breeding and cultivation of all host plants used, and equal age of plant material used in the actual experiments. This is important because plant differences can affect the constitution and development of the larvae [46] .
Using artificial diets rather than plant material makes it easier to standardise experimental conditions, but diet composition may influence effects of Bt toxins on larvae. For instance, a high concentration of carotenoids can decrease larval mortality due to Bt [48] . Furthermore, it should be ensured that no antibiotics are added to the diet as this can influence the Bt effect on larvae, too [49, 50] .
Test species
Detailed information must be given of origin and/or source of test organisms, which are preferably reared and bred in the laboratory [36] . In case of field collected specimens, information on the site and method of collection as well as details on the handling and maintenance between the time of collection and use in the experiments should be given (e.g., [29, 36] ). The selection of test species should involve preferably those European species exposed to Bt maize pollen shedding, and account for possible regional differences and protected species [12, 25, 26, 36, 51] . The life stages most susceptible to Bt should be studied, which is generally the first instar.
Older instars can be used if 1st instars are unfeasible to handle (e.g., due to small body size) or are not exposed (e.g., because of endophytic life style).
Controls
In addition to the quantification of the Bt (see above), the bioactivity of the Bt maize pollen must be verified (= positive control) by feeding the Bt pollen to a sensitive lepidopteran species with known susceptibility. The positive control serves to prove the exposure of the test organisms and the successful ingestion of Bt maize pollen, and demonstrates that the test system is appropriate to detect adverse effects [12, 36, 37] . Successful ingestion of Bt may also be verified by analysing the larvae with immunodetection techniques such as ELISA or Western Blotting, however, a positive test does not necessarily prove the bioactivity of the Bt maize pollen.
Negative controls include a treatment where no adverse effects are expected. In tests with artificial diets, the diet is supplied without Bt toxin mixed in it. In Bt pollen tests, a host plant only and a treatment with conventional maize pollen (dusted on host plant) may be used. If feasible, non-transgenic maize pollen should be used from isolines of the respective Bt maize event. However, such isolines are often not freely available on the market, and reference material may not be provided by the companies. In this case, pollen from other conventional maize should be used instead. Negative control treatments assess the background influences of the test system, i.e. by checking the suitability of the test system, the organisms (e.g., for health) and the test conditions, and detect potential effects of the matrix, i.e. the host plant, control pollen or diet [28, 36] . By convention, mortality of the negative control should not exceed 20%, proving that general test conditions and state of test organisms are appropriate and do not affect tests results [26] .
Magnitude of exposure
The chosen maize pollen densities of the test trials must be justified explicitly to mirror the range of the natural experienced exposure pollen densities [4, 28, 36] . In addition, treatments exceeding the naturally expected exposure should be included, and the chosen treatments should allow for deriving a dose/exposure-response curve and LD/LC 50 values [25, 26] . It is recommended to conduct a preliminary, simple range finding test to identify the required pollen densities for the calculation of the respective dose-response. It has to be noted that, for the exact determination of the dose uptake and of LD values, the amount of Bt pollen ingested by larvae has to be recorded, e.g. by an ELISA or by recording the number of pollen eaten [4, 12, 20] .
Duration of exposure
In general, the duration of exposure should reflect the naturally occurring exposure period. In the case of pollen-shedding maize plants, this will result in a consistent exposure of several days depending on the pollen-shedding period of the respective maize event in a given receiving environment [12, 37, 52] . It is important to account for acute and chronic exposure, i.e. studying a short but high exposure to Bt with immediate effects as well as a lower Bt exposure spread over a longer period with delayed effects. As maize pollen can be shed for 2 weeks for one field, or up to 6 weeks in a given maizegrowing region [53, 54] , we recommend including an exposure treatment covering the entire larval period. For reasons of comparisons between different lepidopteran species, we suggest standard exposure times which should be applied to all tests with Bt proteins, e.g., 2 days, up to 9 days and entire larval period. In any case, the chosen exposure durations and pollen densities must be justified explicitly.
Duration of experiment
The studies must last longer than exposure time to record potential delayed Bt effects and to account for parameters of the adult stage [4, 12, 55] . We recommend to test the whole larval period (if feasible), and to record parameters or correlates of adult fitness such as egg numbers or body size (see endpoints below).
Endpoints
Variables measured should include mortality of larvae and sublethal effects such as body mass, development time, feeding activity, and in particular parameters of the adults, e.g., fecundity or adult body size [4, 12, 18, 25] . Differing doses and sample size should enable the exact calculation of LC/LD or EC/ED values [26] . Effects on generational relative fitness (fecundity, reproduction) are particularly important endpoints, because adverse effects of transgenic plants on populations of non-target species would occur through some component of fitness [12, 26, 55, 56] .
Sample size
Replication must be sufficient to allow the detection of adverse Bt effects of a given effect size with a desired probability. A prospective power analysis is mandatory to ensure appropriate replication to detect a pre-defined effect size [12, 36, [57] [58] [59] , retrospective power analyses are methodologically not possible [26, 60] . In general, an 80% power at an alpha level of α = 0.05 is recommended [34, 59] . EFSA [26] mentions that experiments should be able to detect an effect size of < 20%, this effect size acting as a trigger value for further, higher-tier studies.
Conclusions
Clearly, minimum standard criteria of toxicology tests with non-target organisms must be met for studies to qualify as sufficiently robust to be relevant for the environmental risk assessment of GMOs [37] . In Europe, a comprehensive body of legislation framework exists regulating the release of genetically modified organism (GMO) (e.g., [24, 40] ). EFSA assesses each application for release of a GMO, and regularly publishes guidelines addressing relevant issues including the testing and evaluation of possible harmful GMO effects (e.g., [25] ). Although some minimum criteria have been communicated for non-target organism studies to qualify as relevant information for the risk assessment [26] , no common standardised pre-release testing protocols exist or have been agreed on for non-target laboratory studies with GMO. This is in clear contrast to the ecotoxicological risk assessment for plant protection products.
Tests with GMO have to meet requirements differing from tests for chemical plant protection products, due to their specific characteristics [51, 61, 62] . However, the presented case examples revealed critical methodological limitations of such tests, and demonstrated the unwanted consequences of missing quality criteria. Our analysis supports the request for mandatory definitions, standards and quality criteria for GMO pre-release testing of non-target organisms [28, 36] . Such standards are essential to assess the potential harm of Bt maize on NT Lepidoptera and to provide confidence in the pre-release environmental risk assessment (see also [28] ). In this respect, classical ecotoxicological protocols for testing pesticides could serve as general guidelines, but do not completely fit the specific requirements for assessing GMO effects, e.g., a whole plant approach [62] , or oral exposure of Bt maize pollen. By presenting the necessary quality criteria for testing the effect of Bt maize pollen consumption on larvae of butterflies and moths, this publication can serve as a common base when planning studies with lepidopteran larvae and Bt maize to ensure quality, reliability, robustness and replicability of the respective experiments. As such, our recommendations should stimulate more precise guidance to the authorities and support further operationalisation.
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